INTRODUCTION

Rhododendrin (3-(4-hydroxyphenyl)-l-methylpropyl$-D-glucopyranoside)
was discovered for the first time in leaves of Rhododendron chrysanthemum [l] and later in the bark of Bet& [2, 31. More recently its distribution in the genus Rhododendron (Ericaceae) has been surveyed [4 51 and it has been found in Bergenia (Saxifragaceae) [4] . No information regarding the biosynthesis of this interesting phenolic glucoside is available. Rhododendrin and its aglycone rhododendrol may be assumed to be derived from p-coumaric acid via dibydropcoumaryl alcohol and subsequent C-methylation of the y-C-atom of the phenylpropyl alcohol. This latter reaction would create a chiral center with unknown stereochemical configuration. The availability of prochiral tritium labelled cinnamyl alcohols [6] of known stereochemistry [7] and high configurational purities make it possible to attempt to study the steric course of the assumed C-methylation and furthermore to clarify the relative configuration of rhododendrol and its glucoside.
RESULTS AND DISCUSSION
A survey of the biosynthetic capacity of different rhododendrin-containing species was made in order to select the most suitable experimental material. Rhododendron chrysanthemum as well as Bergenia speciosa proved to be unsuitable for incorporation experiments with labelled precursors due to low metabolic rate or seasonal variations. However, 9-month-old seedlings of Bet& alba proved to be well suited and material was available all the year rourid. Another member of the Betulaceae, Alnus glutinosa, was found to contain rhododendrin and this plant also proved to be suitable for incorporation experiments at the 9 month seedling stage. The occurrence of rhododendrin in A6nu.s and Bet& was established by TLC ub 5 solvents, UV spectroscopy and conversion to rhododendrol by /?-glucosidase followed by subsequent GC/MS of the aglycone. Rhododendrin was present were fed to young terminal shoots of both A. glutinosa and B. alba and the degree of incorporation was measured. As shown in Table 1 , both pcoumaric acid and its dihydro derivative weJe satisfactorily incorporated into the glucoside. The same holds true for both coumaryl alcohol and dihydrocoumaryl alcohol. Thus the phenylpropane pathway is involved in the biosynthesis of rhododendrin. From the incorporation data it is, however, not possible to distinguish between pathway A or B in the Scheme 1. Surprisingly both the acid and the alcohol containing either a double bond between the Q-and /l-C-atom of the side chain or the fully hydrogenated derivative8 are incorporated approximately equally. This shows that the enzymes involved in the hydrogenation of the double bond of either p-coumaric acid or its alcohol exhibit a considerable lack of specificity. The a88UU'Ed precursor of rhododendrin, dihydro-pcoumaryl alcohol, may therefore be formed in uivo either by reduction of pcoumaric acid to dihydro-p-coumaric acid followed by activation and reduction of the carboxyl group [S] or by reduction of p-coumaryl alcohol. Thus the exact mechanism can only be decided by using cell-free systems. The incorporation of the C,-C, units into rhododendrin accounts for the biosynthetic origin of six of the total of seven required carbon atoms. In order to determine the origin of the missing carbon, L-methionine (-C3H3) was supplied to the shoot of A. glutinosa and an incorporation of 0.08% was observed (Table 1) . In order to prove that the methyl group of methionine was incorporated into the methyl group of the glucoside, rigorously purified rhododendrin (51339 dpm) was diluted and subjected to Kuhn-Roth oxidation. The resulting acetate, which is derived from the methyl group and the adjacent carbon atom carrying the alcohol function (corresponding to y-C of dihydro-p-coumaryl alcohol), contained 506 dpm/pmol (theoretically 555 dpm/pmol) and thus this compound carried 91 % of the required radioactivity.
This proves that the methyl group of rhododendrin is derived from the methyl group of methionine.
Thus the original hypothesis on the biosynthesis of rhododendrin was confirmed in that dihydrop-coumaryl alcohol is C-methylated at the alcohol function of the phenylpropyl derivative. The possibility that the C-methylation occurs at the level of the pcoumaryl alcohol and that the methylated propene derivative is subsequently reduced is unlikely but cannot be excluded.
If there is's stereospecific step involved in the course of the methylation, clearly one hydrogen atom of the alcohol group, either the pro-R or the pro-S, has to be removed and replaced by the methyl group derived from S-adenosylmethionine.
In order to prove this reaction and to establish its stereochemical course, if any, tritium labelled R-and S-p-coumaryl alcohol and dihydro-p-coumaryl alcohol were synthesized according to known methods [6] . The introduction of the label was achieved using the highly stereospecific horse liver alcohol dehydrogenase system [7] . In a preliminary experiment doubly labelled (R,S,)-(y-3H)-[U-14C]-p-coumaryl alcohol was fed to a rigorously growing shoot of A. glutinosa. The 3H/'4C ratio of the precursor was 18.31: 1. The labelled rhododendrin formed in this experiment was isolated, purified and was found to have a 3H/'4C ratio of 10.30: 1. This result corresponds to a loss of about 45 % of the tritium label (no isotope effects were taken into consideration) which is in accordance with the assumption that one of the hydrogen atoms of the y-C-atom is replaced by the methyl group introduced from methionine.
The crucial experiment consisted in feeding the two pure labelled enantiomers to the plants. It was observed in both Ahus as well as in Bet& that the (R)-p-coumaryl alcohol was incorporated into rhododendrin to an extent of 2.7% Table 2 . Incorporation of (R) 
